Tobacco taxes have positive impacts on health outcomes. However, policy makers often hesitate to use them because of the perception that poorer households are affected disproportionally more than richer households. This study compares the simulated distributional effects of tobacco tax increases in eight low-and middle-income countries. It applies a standardized extended cost-benefit analysis methodology and relies on comparable data sources across countries. The net effect of raising taxes on cigarettes encompasses the direct negative price shock to household budgets and the long-term benefits of improved health outcomes. The distributional incidence is assessed by estimating decile-specific behavioral responses and relative income gains. The comparative results do not support the claim that tobacco taxes are necessarily regressive. Although welfare losses from the first-order price shock disproportionally affect the poor, these negative shocks are attenuated by greater price-responsiveness among lower-income groups and further offset by higher long-term relative gains through reduced medical expenditures and additional years of productive life as taxes dissuade smoking. In several countries, increasing the price of cigarettes is pro-poor and welfare improving for a large share of the population. Along with raising taxes, policy should aim at encouraging responsiveness to price changes and target tobacco-related medical expenses that disproportionally burden the poor.
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Introduction
The World Health Organization (WHO 2017) estimates that tobacco kills more than 7 million people worldwide each year. It is the second leading cause of death and disability worldwide (Ng et al. 2014 ) and is among the major preventable causes of disease and premature death globally (Doll and Hill 1956; Wynder and Graham 1950) . Diseases associated with tobacco use include lung cancer, stroke, ischemic heart disease, and respiratory diseases (HHS 2004) .
Among tobacco control policies, tobacco taxes are generally considered the most efficient policy intervention to reduce tobacco consumption (World Bank 1999) . Evidence suggests that higher taxes are responsible for almost half the decline in smoking (WHO 2014) . By increasing prices and reducing the affordability of tobacco, taxes encourage current smokers to quit and discourage potential consumers to initiate. They also contribute to raising government revenues and to reducing the risks of secondhand smoking. Nonetheless, policy makers often hesitate to increase taxes on tobacco because of claims of the potentially regressive impact, that is, as the prices of tobacco increase, the poor could suffer proportionally larger negative effects. However, in addition to health benefits, taxes bring about medium-and long-term economic benefits among households that are often overlooked, including higher labor productivity and fewer medical bills. Analyzing the burden of tobacco across the population and assessing the distribution of these health and economic benefits are essential to assessing the overall welfare effects and distributional impacts of raising the taxes on tobacco.
Most studies on the economic burdens of tobacco have been concentrated in higher-income countries. Yet, nearly 80 percent of the world's smokers live in low-and middle-income countries (WHO 2015a) . Developing countries are already burdened by 40 percent of the total economic costs of smoking (Goodchild, Nargis, and Tursan d'Espaignet 2018) . This study reports on a comparative analysis of the distributional impact of raising taxes on tobacco products in eight countries: Bangladesh, Bosnia and Herzegovina, Chile, Indonesia, Moldova, South Africa, the Russian Federation, and Ukraine. This is a first attempt to carry out a cross-country comparative analysis on the distributional welfare effects of tobacco taxation using household consumption microdata and including a sample of eight countries. The study applies a standardized extended cost-benefit analysis (ECBA), and, to aim for methodological consistency, it relies on the same sources of data across the sample.
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In line with the findings in the literature, the ECBA methodology allows for differentiated behavioral responses to the price changes in tobacco by examining decile-specific price elasticities of demand. It accounts for both the direct price shock on household budgets and the indirect welfare gains of rising cigarette prices, as the improved health outcomes derived from reduced smoking translate into lower medical expenses and fewer premature deaths among workers. Finally, it simulates medium-, upper-, and lower-bound elasticity scenarios to account for shorter-and longer-term consumption changes and welfare effects.
The results show that, in the short run, the direct price shock negatively affects lower-income households more than the more well-off peers. In most countries, this regressive effect is driven
The World Bank has published country-specific studies on the distributional incidence of tobacco taxation (see Fuchs, Del Carmen, and Genoni 2018; Fuchs, Del Carmen, and Mukong 2018; Fuchs and Matytsin 2018; Fuchs and Meneses 2017a , 2017b Fuchs, Orlic, and Cancho 2019) . However, these studies rely on country-specific data sources with some methodological variation.
Page 3 by higher budget shares allocated to tobacco product purchases among less well-off households. In all countries, however, the effect is moderated by the higher sensitivity of the poor to price changes. Incorporating the reductions in medical expenditures and the additional years of working life because of lower premature mortality partially offsets the negative effects. In sufficiently high price-shocks and elasticity scenarios, incidence becomes progressive, and welfare changes are modest, but positive among most households. The evidence collected on the eight countries supports the view that resolute tax policy, combined with actions to induce behavioral changes among smokers, can generate pro-poor and welfare-improving outcomes in the long term.
The study is structured as follows. Section 2 revisits the well-known negative health effects of tobacco consumption and reviews the literature on the associated economic costs. It also discusses the use of taxes and other tobacco control policies and the role of tobacco price elasticities in determining policy outcomes. Section 3 outlines and describes the extended ECBA methodology to assess the distributional impacts of raising taxes on cigarettes. Section 4 presents an overview of the data and the basic descriptive statistics of tobacco consumption patterns in the eight countries of the sample. Section 5 examines the results for each component of the model, as well as the net distributional income changes after the price of cigarettes has been increased. The final section discusses the policy implications of these findings and concludes.
Literature Review a. Tobacco and health
An extensive body of research has focused on the effects of tobacco consumption on health outcomes. Robust evidence has linked tobacco consumption to health problems, including several types of cancer, strokes, respiratory diseases, and ischemic heart disease (HHS 2004 ). An estimated 100 million deaths may have been related to tobacco use during the 20th century (Peto and Lopez 2004) . Current trends will likely lead to 1 billion deaths from tobacco-related diseases over the next century (Jha and Peto 2014) . Secondhand smoke alone is currently associated with 890,000 premature deaths per year (WHO 2017).
Today, 80 percent of the world's smokers live in low-and middle-income countries (WHO 2015a) . Furthermore, these countries are experiencing a rise in noncommunicable diseases, contributing to a double burden of disease. Tobacco is a major risk factor associated with several noncommunicable diseases, including lung cancer and other types of cancer (WHO 1999) . Because smoking prevalence and the affordability of tobacco are expected to increase, developing countries will likely bear the major health impacts of tobacco in the near future. Blecher and van Walbeek (2008) find that cigarette affordability rose in developing countries between 1997 and 2006, as mean incomes grew at more rapid rates than average tobacco prices. These trends may negatively affect economic development because smoking decreases earnings potential and labor productivity (WHO 2015b) , and it hinders human capital accumulation.
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b. Tobacco control policies
Tobacco control has become a major public health priority in the 21st century (WHO 1999) . Concerns over the health and economic costs of tobacco consumption have triggered an array of policy initiatives across countries and international organizations. Most commonly, antitobacco policies include smoking bans or smoke-free environments, advertising campaigns to deter consumption, smoking cessation programs, prohibitions on tobacco sales to specific populations, and taxes. The results of such policies on tobacco use and availability and on secondhand exposure remain heterogenous (Fuchs and Meneses 2017a) .
Mass media advertising campaigns are the most common policy intervention to combat tobacco use, reaching over 50 percent of the world's population in 2016. However, exposure to advertising campaigns is less extensive in lower-income countries, and evidence supporting the cost-effectiveness of these campaigns remains limited (WHO 2015b) . The impact depends on the campaign's duration and specific communication; warnings on the adverse health risks of smoking are among the most effective messages (Durkin, Brennan, and Wakefield 2012) . Warning labels printed on tobacco packages to deter consumption reach 45 percent of the global population. Despite wide popular support and the mostly minimum public costs of these policies (WHO 2015a), they only account for marginal reductions in smoking prevalence (Borland 1997; Fathelrahman et al. 2009; Levy, de Almeida, and Szklo 2012) .
Smoking-cessation support programs are accessible to 1.1 billion people (WHO 2015b). These programs are highly effective in helping individuals seeking to quit smoking (Fiore and the Guideline Panel 2008) . However, smoking-cessation programs are mostly concentrated in highincome countries and do not help addicts who do not wish to be treated. Smoke-free laws reach one-fifth of the world's population (WHO 2017). They are popular because of their claims of improvement in health outcomes and the mitigation of secondhand smoking without affecting business (WHO 2015a). In practice, their effectiveness depends on the breadth of countryspecific legislation and implementation (IARC 2009).
c. Tobacco taxation
Taxes on tobacco are generally considered the most efficient policy intervention to reduce tobacco consumption (World Bank 1999). They constitute a central policy of the Framework Convention on Tobacco Control. Governments can potentially use taxes to manage tobacco consumption, raise revenues, and promote public health (WHO 2011a). Evidence suggests that higher taxes are responsible for almost half the decline in smoking (WHO 2014) . A growing body of research also supports the effectiveness of price interventions to achieve tobacco control in developing settings. Levy, de Almeida, and Szklo (2012) estimate that higher tobacco prices accounted for 46 percent of the reduction in tobacco use in Brazil compared with the 14 percent reduction associated with smoke-free policies. Ranson et al. (2002) find that price increases are the most cost-effective among an array of antismoking interventions, including nicotine replacement therapy and other nonprice interventions (bans on advertising and promotion, information campaigns, and smoke-free laws). Raising the prices on tobacco is the lowest cost intervention per disability-adjusted life year saved globally, resulting in impressive reductions in mortality. Tobacco tax policies are costeffective even relative to other public health interventions traditionally financed by governments Page 5 (Ranson et al. 2002) . However, analyses of cost-effectiveness tend to focus on the perspective of the public sector provider or financing entity and leave aside the costs borne by individual households.
A recurrent policy concern is the potentially regressive effects of tobacco taxes. Lower-income households usually allocate larger shares of their budgets to purchasing tobacco products. Hence, relative to wealthier households, low-income households face larger negative shocks to budgets when taxes translate into higher tobacco prices. However, this presents only a partial picture of the more complex effects of raising taxes on tobacco. Several benefits of tobacco taxes arise via improvements in people's medical condition and productivity. Such gains may contribute to offsetting the direct negative price shock. The net impact on household welfare of raising taxes on tobacco involves the aggregation of these costs and benefits. Furthermore, it is mediated by the degree of pass-through of the tax burden to consumer prices, the responsiveness of consumers to the price shock, and the initial distribution of tobacco consumption across population groups. The medium-and long-term effects will likely differ from the immediate short-term outcomes if the benefits and behavioral responses take time to kick in.
While the net effect remains an empirical question, a growing body of research within countries supports the conclusion that the benefits of raising taxes on tobacco offset the costs. Denisova and Kuznetsova (2014) and Verguet et al. (2015) find that, across the population and, specifically, among low-income groups, the future benefits of nonsmoking outweigh the losses attributed to tobacco taxes. Other country-specific studies based on household microdata find that the distributional incidence of raising taxes on tobacco can be progressive, most often because of the benefits derived from averted medical expenses Fuchs, Del Carmen, and Genoni 2018; Fuchs, Del Carmen, and Mukong 2018; Fuchs, and Matytsin 2018; Fuchs and Meneses 2017a , 2017b Fuchs, Orlic, and Cancho 2019) .
d. The price elasticity of tobacco consumption
Ultimately, the distributional impact of raising taxes on tobacco-whether the poor are more heavily burdened or see the greatest benefits-depends on the responsiveness of low-and highincome consumers to the price changes in tobacco (WHO 2011a ). An extensive body of evidence consists of estimates of the relationship between tobacco prices and consumption. The price elasticities of demand express the sensitivity of consumers to changes in tobacco prices and therefore become crucial in calibrating the welfare and distributional effects of tobacco tax systems. Such relationships, however, are not homogeneous across countries and income groups. In high-income countries, raising the price of cigarettes by 10 percent leads to an estimated reduction of 4 percent in the demand for cigarettes (World Bank 1999 ). An equivalent price change in low-and middle-income countries would likely result in a 6 percent average fall in demand (IARC 2011). Regional and country-specific estimates are also extensive. Meta-studies on the United States estimate tobacco price elasticity at between zero and −0.47 (Chaloupka and Grossman 1996; Lewit and Coate 1982) . Gallus et al. (2006) find an average elasticity of −0.46 in European countries. Empirical results on Latin America conclude that both short-and longterm price elasticities of cigarettes fall below unity (in absolute value), and below −0.50 for higher-income countries in the region (Guindon, Paraje, and Chaloupka 2015) .
Age and income are key factors in determining the price elasticities of tobacco. It is often argued that younger individuals and low-income groups are more responsive to price changes relative Page 6 to their peers. Lower dependence on nicotine, larger peer effects, and limited disposable income may cause younger people to be more responsive to tobacco price shocks (Jha and Peto 2014) . Some evidence supports this claim. Chaloupka and Grossman (1996) and Lewit and Coate (1982) find that, in the United States, individuals ages under 18 exhibit much larger tobacco price elasticities (between −1.44 and −1.31) than adults (between −0.27 and −0.42).
Lower-income households tend to show higher price elasticity of demand relative to mediumand higher-income groups (World Bank 1999). Empirical research in a variety of countries, including Bangladesh, Canada, China, Indonesia, the United Kingdom, and the United States, suggests that the sensitivity of smoking prevalence to changes in cigarette pricing is greater among lower socioeconomic strata. However, the evidence is still mixed in other cases, including the Arab Republic of Egypt, Bulgaria, and Turkey (IARC 2011). Tobacco elasticities can be expected to increase in the future as more-responsive young generations become the largest consumer group . In the long term, tax policy may become more effective at influencing behavioral changes and reducing tobacco consumption.
e. Costs of tobacco: Life, work, and medical expenditures
Several studies have quantified the economic cost of smoking, though most have focused on high-income countries. Goodchild, Nargis, and Tursan d'Espaignet (2018) find that tobaccorelated diseases accounted for 5.7 percent of global health expenditure in 2012 and that the total economic costs of smoking, including health expenditures and productivity losses, were equivalent to 1.8 percent of the world's gross domestic product (GDP) (US$1.85 trillion in purchasing power parity [PPP] U.S. dollars). The highest share, according to these authors, was in high-income countries (US$1.12 trillion in PPP dollars), where the tobacco epidemic is most advanced.
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The earlier estimates of Lightwood et al. (2000) indicate that the gross health cost of tobacco in high-income countries is between 0.1 percent and 1.0 percent of GDP. However, nearly 40 percent of the health and productivity costs related to tobacco are already concentrated in developing countries (Goodchild, Nargis, and Tursan d'Espaignet 2018).
Public and private health care accounts for the major share of the costs of tobacco use, beyond the price of household consumption. Tobacco-related health care costs can be either direct or indirect. Direct costs include the monetary value of the consumption of goods and services that is motivated or compelled because of tobacco use. These include health care costs (hospitalization, pharmaceuticals and supplies, medical equipment, and so on) and non-health care costs (insurance, job replacements for sick smokers, cleaning up cigarette residues and packaging, and so on). For example, in the United States, tobacco-related diseases are associated with direct health care costs of 1.1 percent of GDP or 8.7 percent of annual health care spending (Xu et al. 2015) . Some medical cost estimates are available for the countries in the sample. Pichón-Riviere et al. (2014) estimate the annual direct cost of tobacco-related disease in the Chilean health system at approximately 0.6 percent of GDP. In Indonesia, annual direct health care costs attributable to tobacco consumption amounted to 2.5 percent of GDP in 2015 (Kristina et al. 2018) . The total economic cost of tobacco use in Bangladesh was estimated at 3 percent of GDP in 2004 (WHO 2007 .
Page 7 The indirect costs of smoking on household welfare may include losses in labor incomes because of lower productivity or working days forgone because of illness, as well as the value of lives prematurely lost because of tobacco (WHO 2011b) . Hence, raising the prices of tobacco may expand the years of productive life. Verguet et al. (2015) analyze the health effects of a price increase in China and conclude that a 50 percent rise in prices would result in 231 million life years gained over 50 years and would have a significant impact among the poor. In contrast, Pichón-Riviere et al. (2014) estimate that tobacco use in Chile would reduce life expectancy by nearly 4.0 years among women and 4.3 years among men. Ahsan et al. (2013) estimate that, if taxes were raised to 57 percent of the retail price of tobacco products, 1.96 million tobaccorelated deaths would be averted in Indonesia. Similarly, if taxes were raised even more, to 70 percent, more than 5 million deaths would be averted.
Other indirect and second-round effects may also be significant. Raising taxes on cigarettes may reduce exposure to secondhand smoke, with significant health and economic benefits. 4 Households may likewise benefit from increased public expenditure because governments have typically earmarked tax revenues from tobacco sales for health care and social programs.
Model
The empirical model of this study relies on an adaptation of the extended ECBA methodology developed by Pichón-Riviere et al. (2014) and Verguet et al. (2015) to assess the medium-and long-run effects of raising taxes on cigarettes. Lower-income households tend to allocate larger shares of their budgets to purchase tobacco products (see above). Hence, relative to wealthier households, low-income families tend to face larger direct negative shocks to their budgets as taxes translate into higher prices for tobacco. Nonetheless, by discouraging consumption, taxes reduce adverse tobacco-related health outcomes, as well as the associated medical and human capital costs to households and societies. Medical treatment of tobacco-related chronic diseases swells annual health care costs among public health care systems and households (Marquez and Moreno-Dodson 2017) . Smoking reduces household earnings potential and labor productivity, negatively affecting human capital accumulation and development (WHO 2015b).
Hence, the ECBA methodology incorporates three effects of rising tobacco prices: (a) the direct price shock on household budgets, (b) the reduction in direct medical expenses because of less widespread tobacco-related illness, and (c) the gains from preventing premature tobacco-related deaths among the working population.
An important assumption of the model is that the health effects of tobacco-related diseases will immediately diminish with the reduction in tobacco consumption. Even though this assumption is implausible in the short term because changes in the effects of tobacco-related diseases take some time to materialize, it provides a medium-and long-term estimate of the effects of tax increases.
The aggregate effect of a tax policy is estimated as indicated in figure 1.
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Exposure to secondhand smoke is associated with a variety of respiratory diseases (HHS 2004) . In the United States, the annual costs associated with such exposure are estimated at US$5 billion in direct medical bills and over US$5 billion in indirect medical costs (disability and forgone wages) (Behan, Eriksen, and Lin 2005) . In addition to this more comprehensive understanding of the costs and benefits of reducing the medical burden of smoking, the ECBA methodology allows the various behavioral responses to the tax shock to be taken into account. The stylized finding in the literature suggests that households in lower-income countries and lower-income groups may be more responsive to tobacco price changes (see above). Decile-specific elasticities of demand for tobacco allow the heterogeneity in the sensitivity to price changes to be taken into account and the distributional impact of various price shock scenarios to be estimated. For further methodological details, see annex A or refer to Fuchs and Meneses (2017a) .
Data Sources and Descriptive Statistics a. Household expenditures and tobacco consumption
Data on household expenditures and tobacco consumption are taken from national household budget surveys. If available, surveys with nationally representative data for 2016 have been used. In case of data limitations, the most recent data sets have been used; a 2014 survey in South Africa is the oldest survey that has been used. See annex A on the specific sources, variable definitions, and data limitations in each country. Table 1 summarizes the most relevant indicators for each country in the sample. Indonesia, followed by Ukraine and Russia, has the largest share of smokers in the sample. Indonesian households spend the largest share of their budgets on tobacco across all income groups. In terms of distribution, the richest households in Moldova and the middle class in Bangladesh, Indonesia, and Ukraine smoke the most among households that purchase cigarettes. In South Africa, the top decile exhibits the greatest probability of smoking, though these households allocate only a small share of their consumption expenditures to purchase tobacco relative to lower-income households. Poorer households allocate higher shares of their budgets to the purchase of cigarettes. This negative relationship between income level and the share of tobacco in household budgets is monotonic only in Chile and Ukraine. Except for Moldova, the richest 10 percent of the population consistently allocates the smallest share of their consumption expenditures to tobacco. 
c. Mortality and morbidity
Data on mortality, years of life lost, and morbidity have been derived from the Global Burden of Disease (GBD) Project as of 2016. For each country, the years of life lost have been calculated as the total number of years lost because of premature deaths attributable to smoking among the working-age population of women and men below age 65 (table 3) . 
d. Tobacco-related medical costs
To maintain methodological consistency across countries, direct medical expenditures have been adapted from the calculations of Goodchild, Nargis, and Tursan d'Espaignet (2018). As part of their broader calculation of the global economic costs of smoking, these authors use the cost of illness approach to estimate the direct medical costs of smoking-attributable diseases in 2012. They apply their method to 152 countries, representing 97 percent of the world's smokers. 
Results
To analyze the distributional effects of an increase in tobacco taxes, each component of the model is estimated separately under three different price shock scenarios-price rises of 25 percent, 50 percent, and 100 percent-and elasticity assumptions. The results, based on a medium-bound elasticity scenario, are discussed in the sections below. The lower-and upperbound scenarios are simulated as 0.2 below and above the base (medium-bound) scenario; the results under these assumptions are available upon request. Figure 3 shows the effects of the different price shocks on cigarettes for each country and income group in the sample. As prices rise, consumers must allocate greater shares of their budgets to continue to purchase the same quantity of tobacco. Allocating larger shares of their consumption expenditures to tobacco would be particularly difficult among lower-income households. Hence, the direct price effect constitutes a welfare loss, and it is often expected to be regressive. The results in the eight countries analyzed, however, show that substantial responsiveness to price changes mediates a complete pass-through scenario.
a. Tobacco price increase
While the effect is an income loss under most scenarios and for most households, the distribution is not necessarily regressive. In the case of large price shocks (100 percent), some lower-income groups effectively stop consuming cigarettes and free up resources for other consumption needs. In some case, such as Indonesia, mainly the middle class is affected by the direct price effect.
Page 14 Figure 4 reports the income effect of a reduction in medical expenditures by the magnitude of the price shock. Income changes derived from the reduction in medical expenditures are naturally positive for all deciles and countries, regardless of the price shock. All countries and scenarios show clear progressive patterns because medical expenditures to treat smoking-related diseases more than proportionally burden the poor, and these expenditures tend to be reduced in association with higher tobacco prices.
b. Medical expenditures
In line with previous findings on these countries Fuchs and Meneses 2017a , 2017b , reducing medical expenditures disproportionally benefits lowerincome households, and this channel seems the most relevant to improving welfare and equity through tobacco price interventions. The cost of working life lost because of tobacco consumption has been estimated in the analysis based in the assumption that the impact of lower tobacco use on health and work-generated income is direct. The deaths attributed to tobacco consumption are distributed using the profile of the occurrence of mortality. For each death, the years of working life lost are divided across deciles proportionately to the number of households that consume tobacco in each income group.
The results, illustrated in figure 5, confirm that rising tobacco prices are linked with positive welfare gains associated with reductions in mortality among workers in all deciles and countries. However, the effects are modest, and no clear distributional pattern emerges. Ukraine, where 16 percent of all premature death events can be attributed to smoking, exhibits the largest effects in magnitude. While poor households-characterized by greater responsiveness to price changes-may benefit the most in the number of averted deaths because of changes in consumption, lower expected earnings among these households and the distribution of smoking prevalence across the population seem to prevent a progressive effect (in terms of income) through this mechanism. 
d. Net effects: Total distributional impact
In the analysis, the effects of tobacco tax policy on prices, medical expenditures, and gains in working years are first separately calculated and the components of the model on each country are then added to facilitate an estimate of the net distributional effect of raising taxes on tobacco.
Lower medical expenditures and additional working years help offset the negative direct income effect of an increase in tobacco prices. The total income effect associated with a 25 percent price shock (panel a, figure 6 ) is positive in the case of several income groups, especially at the lower end of the income distribution. However, most households in Bangladesh and Indonesia, and between 30 and 50 percent of the population in Bosnia and Herzegovina, Chile, and South Africa, continue to be negatively affected. In the particular case of Indonesia, the distribution continues to be U-shaped.
The net effect becomes positive and more progressive with higher price shocks, as the lack of affordability allows the health and economic benefits of the taxes on tobacco to kick in. In a 100 percent price shock scenario, only the 40 percent richest households in Chile, and the top 60 percent in Bangladesh-where medical expenses have lowest incidence-are negatively affected.
The results are generally progressive in all eight countries. 
Discussion
Despite the wealth of research on the negative effects of tobacco consumption and on the benefits of various public policy mechanisms aimed at reducing tobacco use, questions remain about the progressivity or regressivity that these entail. To assess the net welfare gains generated by such a policy, one must look beyond the direct impact on household incomes and consider other benefits of lower tobacco consumption, including the reduction in medical costs and the increase in the potential working years associated with good health.
Applying this comprehensive approach to a sample of eight middle-income countries, the analysis shows that indirect benefits can offset the direct income losses caused by the taxes on tobacco. Considered by itself, a price increase in tobacco through higher taxes generates negative welfare shocks. However, behavioral responses in the form of price elasticities mediate these results and can encourage higher quitting rates among poorer households. As individuals cut down tobacco consumption, reductions in medical expenditures and gains in potential working years also work to offset direct negative income shocks. In the case of large price shocks, the aggregate benefits of tobacco taxes far exceed the greater tax liabilities and produce progressive effects. These results are in line with findings in the literature, highlighting that the critical benefits of reducing tobacco use may emerge through diverse policy mechanisms. In the long term, the benefits of nonsmoking outweigh the losses attributed to tobacco taxes across a population and, specifically, among lower-income groups.
The eight countries under study-Bangladesh, Bosnia and Herzegovina, Chile, Indonesia, Moldova, Russia, South Africa, and Ukraine-account for 700 million people, close to a 10th of the global population. They range from lower-middle-income countries (Bangladesh, which has the lowest GDP per capita in the sample) to upper-middle-income countries (Russia and Chile, which lead in GDP per capita). They also represent 15 percent of the smoking prevalence in the world.
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Almost three adult men in five ages above 15 living in these countries report that they smoke. One woman in 10 in these countries smokes. On average, health expenditures account for 6.7 percent of GDP in these countries, which collect only 17 percent of GDP as tax revenue.
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A back-of-the-envelope estimation under the medium-bound elasticity scenario suggests that raising the price of cigarettes by 50 percent would allow around 350 million people (50 percent of the population in these eight countries) to capture positive household income gains on top of other potential social benefits from the greater public revenue. In some countries, the entire population could potentially see modest positive income effects. Higher elasticities in the longer term and more decisive price shocks would boost the number of beneficiaries. However, some heterogeneity in the results under the lower price shocks and the lower-bound elasticity scenarios and in some countries (especially Indonesia and South Africa) call for caution and careful analysis in implementing policy interventions. Page 23 This report examines a partial equilibrium analysis. Tobacco taxes could unleash economy-wide reactions with potentially large impacts that are difficult to predict. For example, reductions in employment and production in the tobacco industry have been a concern in some local contexts following cigarette tax reforms (Marquez and Moreno-Dodson 2017) . More accurate data and additional research should address these indirect effects and general equilibrium interactions.
Taxes on tobacco can be progressive and welfare enhancing. However, the variables affecting tobacco consumption behavior across population groups must be understood clearly for the sake of proper policy. Ultimately, the effectiveness and distributional impacts of tobacco taxes depend on the initial distribution and characteristics of smokers and on the ability of the taxes to induce behavioral changes through price changes. Depending on these circumstances, higher taxes on tobacco may be justified and even required to achieve progressive, welfare-enhancing policy outcomes. The need to induce changes in tobacco consumption that ultimately translate into net social gains calls for comprehensive policy strategies that address country-specific consumer responses, especially among youth and at-risk groups. To the extent that consumers become more sensitive to price changes and vulnerable groups can be targeted, there is reason for optimism about the long-term economic and health benefits of tobacco taxes.
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Annex A

A. Model
This section describes the partial equilibrium approach used to simulate the impact on consumption of an increase in the price of cigarettes. This approach is used to evaluate the first-order effects of a change in prices. It relies mainly on household expenditure patterns. The focus is on the impact of a rise in the price of cigarettes, a common target of tobacco tax reform.
To assess the distributional impact of an increase in the price of cigarettes, the simulation allows for differences in the responses across consumption deciles to reflect the fact that poor households likely have different price elasticities relative to households with more resources. The different elasticities, combined with the initial consumption patterns across deciles, explain whether a price reform will be more regressive, more neutral, or more progressive.
The loss of real consumption arising from the price increases in a product i is obtained as follows:
where is the share of product i in total household expenditure for a household in decile j; ∆ is the price increase; and ∆ is the change in consumption of the good that depends on price elasticity. 7
Change in tobacco expenditures
To estimate the variation in cigarette consumption after the price increase, the model considers the change in prices (∆ ), the tobacco price elasticity ( ) for decile j, and the share of cigarette expenditure in period 0 ( , ). The change in the expenditure of household i in decile j is presented as a share of total expenditure and averaged by decile to quantify the overall impact, as follows:
∆ Expenditure , = ( 1 ∆p 1 ε * ∆p -1) * (A.2)
Medical expenditures
The change in medical expenditures associated with tobacco-related diseases is estimated using equation A.3, for which the cost of treatment of tobacco-related diseases for income decile is obtained from administrative data. The cost of tobacco-related medical expenditures is distributed across income decile according to the share of households that consume tobacco in decile . Equation A.3 shows the income gains associated with the reduction in medical expenditures because of reduced tobacco consumption over the long term. A reduction in tobacco consumption in the long run would be strongly related to a reduction in tobaccorelated diseases. The model assumes that the health effects of tobacco-related diseases will immediately
